Abstract: Transportation infrastructure dramatically affects ecological processes. However, the environmental assessment process does not often consider how transportation impacts biodiversity, especially in ecologically fragile areas. The aim of this study was to assess the impacts of the Yulin-Jingbian expressway on vegetative diversity and to discuss the reason for the differences in soil-moisture distribution and vegetation diversity along the expressway. Samples were collected from 60 quadrats, along 6 transects. The α diversity indices and soil-moisture content calculated for each layer were used to represent habitat heterogeneity within a quadrat. A total of 49 species representing 39 genera and 16 families were recorded. Perennial herbs (42.9%) and annual herbs (36.7%) were the dominant life form. Species richness, diversity, and evenness indices of the vegetation varied with the distance between sampling points along the expressway. The vegetation with high diversity and evenness were near the expressway and areas with low diversity were farther from the expressway. The soil-moisture content in the 0-20 cm soil layer was a driving factor for the α diversity indices, and soil-moisture content below 20 cm played an inhibitory role on the α diversity indices. The greatest impact of the expressway on vegetation diversity was its effect on surface runoff and the distribution of plant root systems in the top layer of soil.
Introduction
Road construction is an important part of our social structure and development which promotes rapid development of communities and economic development along the road corridors. The construction of expressways plays a more prominent role; the rapid advancement of expressway construction and operation has great influence in surrounding environments, especially in ecologically fragile areas [1] .
Many studies have shown that ecological effects of expressway construction could be assessed by determining the "road-effect zone" [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] . The "road-effect zone" is the area over which significant ecological effects extend outward from a road [3] . It is wider than the road surface plus the roadside, in some examples the width ranges from 300 m to 1000 m from the road [13] [14] [15] [16] [17] .
The Yulin-Jingbian Expressway, located in the southern margin of Mu Us Sandy Land, is the first Chinese desert expressway. It is 116 km long, about 60 km of which pass through flowing, semi-mobile, and semi-fixed sand dunes [18] . Mu Us Sandy Land is one of the four main sandy areas in China. Its main part lies between Yulin City, Shaanxi Province, and Ordos City, Inner Mongolia Autonomous Region, covering an area of approximately 40,000 km 2 [19] in the western part of China's monsoon region. This region contains a fragile environment, which is sensitive to climate change and human activities. Mu Us Sandy Land was once the most desertified regions in China and is the best example of the reversal of desertification in this century [20] [21] [22] .
In this study, we assessed the road-effect zone of the Yulin-Jingbian expressway by investigating vegetation diversity patterns, to explore relationships between vegetation diversity and soil-moisture content, and to discuss the main factor causing the differences in soil-moisture distribution and vegetation diversity along the expressway.
Materials and Methods

Study Area
The study area is on both sides of a 2 km section of the Yulin-Jingbian Expressway (37 • 41 37.69"-38 • 16 22. 86"N, 108 • 52 27.77"-109 • 36 21 .74"E). The expressway crosses the boundary area between the loessial soil of the Loess Plateau and the desert soil of the Mu Us Sandy Land, which represents a transition from typical grassland vegetation to desert grassland vegetation. The study area has a semi-arid climate, with a mean annual temperature of 6.0-8.5 • C and mean annual precipitation of 250-440 mm. Precipitation occurs mainly during the summer, with mean annual evaporation of 1800-2500 mm [19, 23] .
Sampling and Measurements
Experimental Design
Sampling was carried out in mid-August, 2015 when biomass had reached its peak. We established six sampling transects (1-6) along the expressway (Figure 1 ). Field soil sampling was conducted at 60 sites along the Expressway. Each transect spanned the expressway from southeast (SE) to northwest (NW) and contained five sampling points on each side of the expressway. The distances between the sampling points on each side were 100 m, 200 m, 500 m, 1 km, and 2 km. For plant species, three quadrats were randomly placed in each site, with a total of 180 quadrats. The survey area of shrubs was 10 × 10 m, whereas that of herbs was 1 × 1 m. At each sampling point, data were collected for quantification of various community parameters, as recommended by Saxena and Aggarwal [24] and Narita and Wada [25] , the plant species numbers, height, and coverage for each species were recorded or measured. In this study, we assessed the road-effect zone of the Yulin-Jingbian expressway by investigating vegetation diversity patterns, to explore relationships between vegetation diversity and soil-moisture content, and to discuss the main factor causing the differences in soil-moisture distribution and vegetation diversity along the expressway.
Materials and Methods
Study Area
The study area is on both sides of a 2 km section of the Yulin-Jingbian Expressway (37º41′37.69″-38º16′22.86″N, 108º52′27.77″-109º36′21.74″E). The expressway crosses the boundary area between the loessial soil of the Loess Plateau and the desert soil of the Mu Us Sandy Land, which represents a transition from typical grassland vegetation to desert grassland vegetation. The study area has a semi-arid climate, with a mean annual temperature of 6.0-8.5 °C and mean annual precipitation of 250-440 mm. Precipitation occurs mainly during the summer, with mean annual evaporation of 1800-2500 mm [19, 23] .
Sampling and Measurements
Experimental Design
Sampling was carried out in mid-August, 2015 when biomass had reached its peak. We established six sampling transects (1-6) along the expressway (Figure 1 ). Field soil sampling was conducted at 60 sites along the Expressway. Each transect spanned the expressway from southeast (SE) to northwest (NW) and contained five sampling points on each side of the expressway. The distances between the sampling points on each side were 100 m, 200 m, 500 m, 1 km, and 2 km. For plant species, three quadrats were randomly placed in each site, with a total of 180 quadrats. The survey area of shrubs was 10 × 10 m, whereas that of herbs was 1 × 1 m. At each sampling point, data were collected for quantification of various community parameters, as recommended by Saxena and Aggarwal [24] and Narita and Wada [25] , the plant species numbers, height, and coverage for each species were recorded or measured. 
Plant Species Identification
Plant species identification was done in situ. Unidentified specimens were collected and dried with a plant press and later identified by plant taxonomists. The "Flora of China" [26] , "Flora of Inner Mongolia" [27] , and "Desert Plants in China" [28] were used as reference for the compilation of the flora, and the floristic classification was conducted with the geographical division method of flora and vegetation in China [29] . The study area contained 49 species of vegetation belonging to 39 genera 
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Soil Moisture Measurement
For the soil moisture analysis, we used to take three soil samples for each depth of 0-10, 10-20, 20-30, 30-50, 50-70, and 70-100 cm at one site. Samples sealed in aluminum boxes and transported to the laboratory for determination of soil-moisture content. Soil moisture was estimated by the gravimetrical method. The samples were immediately weighed on site and reweighed in the laboratory after oven-drying at 105 • C for >24 h. Each sample was weighed three times, and the error was controlled within 3‰. Soil moisture content was calculated as
where W is the moisture content, G 1 is the weight of the soil before drying, G 2 is the weight of the soil after drying, and G 0 is the weight of the aluminum box.
Community Parameters
Importance Values
Importance values (IVs) are a quantity index first proposed by Curtis et al. [30] that represent the role and status of a species in a vegetation community. IV is useful for identifying the dominant species, determining the type of a community and analyzing the structure and function of a community [31, 32] . IV can be calculated in many ways, but all use relative abundance, density, dominance, height, coverage, and frequency [33] . Desert vegetation is often exposed to wind and buried in sandy soil, so using relative abundance and density to calculate IV can cause errors. Therefore, we used relative height, coverage and frequency to calculate IV
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where H r is relative height, C r is relative coverage, and F r is relative frequency. The IV of the species in each sampling quadrat was calculated using average values for the same species in the 10 sampling points along the same transect. The plants with IV > 0.1 in each transect were primarily shrubs and sub-shrubs, followed by perennial herbs and annual/biennial herbs ( Table 2) . 
α Diversity Indices
The α diversity indices use magnitude to represent the diversity within a quadrat [34] . The α diversity indices can be divided into species richness, diversity indices which are computed using Shannon-Weaver Index (H ), and evenness indices which are computed using Pielou Index (J sw ) [35] . The species richness (S) is defined as the total number of species per sampling unit [36] [37] [38] .
Species richness (S): S = number of species in the sampling quadrat Shannon-Wiener Index (H ):
Pielou Index:
where P i is the IV of species i.
Statistical Analysis
The all variables are analyzed by the standard statistical analysis. Soil-moisture content was expressed as mean ± standard error (SE) of mean in different distance sites from the expressway. An ANOVA with Tukey's HSD (honestly significant difference) (p < 0.05) was used to determine the differences of the mean values. All statistical analyses were performed using the software program SPSS, ver. 19.0 (SPSS Inc., Chicago, IL, USA).
Results
Characteristics of the Vegetation in the Communities
The species richness, diversity and evenness indices of the vegetation communities at 60 sampling points are shown in Figure 2 . The spatial distribution curve of S (Figure 2a) can be summarized as first increasing and then decreasing with distance from the expressway. Figure 2b has shown that the Sustainability 2019, 11, 606 5 of 13 high-value areas of H mostly appear near the expressway, while the low-value areas are far away from the expressway. The high-value areas of J sw (Figure 2c) are not on both sides of the expressway, while the low-value areas of this index are mostly located near the expressway.
Results
Characteristics of the Vegetation in the Communities
The species richness, diversity and evenness indices of the vegetation communities at 60 sampling points are shown in Figure 2 . The spatial distribution curve of S (Figure 2a) can be summarized as first increasing and then decreasing with distance from the expressway. Figure 2b has shown that the high-value areas of H′mostly appear near the expressway, while the low-value areas are far away from the expressway. The high-value areas of Jsw (Figure 2c) are not on both sides of the expressway, while the low-value areas of this index are mostly located near the expressway. From calculating the average value of all α diversity indices of sample points at the various distances from expressway, we found that S was highest 500 m NW and 200 m SE of the expressway, with averages of 9 and 10, respectively, and was lowest 2 km NW and 1 km SE, with averages of 7. From calculating the average value of all α diversity indices of sample points at the various distances from expressway, we found that S was highest 500 m NW and 200 m SE of the expressway, with averages of 9 and 10, respectively, and was lowest 2 km NW and 1 km SE, with averages of 7. (Figure 3b ) was highest 100 m NW and 100 m SE, with averages of 6.57 ± 2.47 and 6.20 ± 2.47%, respectively; and was lowest 2 km NW and 2 km SE, with averages of 5.25 ± 0.76 and 4.89 ± 1.01%, respectively. Soil moisture content in the 20-30 cm layer (Figure 3c ) had no obvious peak. Soil moisture content in this layer was highest 100 m NW (6.48 ± 2.7%) and 500 m SE (6.59 ± 2.1%) and lowest 500 m NW and 1 km SE, with averages of 4.36 ± 2.50 and 5.09 ± 1.39%, respectively. Soil moisture content in the 30-50 cm layer (Figure 3d ) was highest 1 km NW and 2 km SE, with averages of 5.58 ± 1.84 and 4.31 ± 2.74%, respectively; and was lowest 500 m NW and 100 m SE, with averages of 3.67 ± 2.85 and 2.09 ± 1.17%, respectively. Soil moisture content in the 50-70 cm layer (Figure 3e ) was highest 1 km NW and 2 km SE, with averages of 3.51 ± 1.19 and 3.85 ± 2.93%, respectively; and was lowest 500 m NW and 200 m SE, with averages of 2.35 ± 1.43 and 1.55 ± 0.10%, respectively. Soil moisture content in the 70-100 cm layer (Figure 3f ) was highest 1 km NW and 2 km SE, with averages of 4.39 ± 2.68 and 3.61 ± 3.10%, respectively; and was lowest 500 m NW and 200 m SE, with averages of 2.96 ± 2.53 and 2.38 ± 0.93%, respectively.
Note that in all the samples, soil moisture content at 20-30 cm is the demarcation point of soil moisture change with the variation of depth. Samples with higher soil moisture content above 20 cm are located within 200 m of the expressway, while the samples with lower water content are located 500 m away from the expressway. On the contrary, samples with a higher soil moisture content below 30 cm are located 1 km away from the expressway, and samples with lower soil moisture content are located within 500 m of the expressway. Note that in all the samples, soil moisture content at 20-30 cm is the demarcation point of soil moisture change with the variation of depth. Samples with higher soil moisture content above 20 cm are located within 200 m of the expressway, while the samples with lower water content are located 500 m away from the expressway. On the contrary, samples with a higher soil moisture content below 30 cm are located 1 km away from the expressway, and samples with lower soil moisture content are located within 500 m of the expressway.
Correlation Analysis of the α Diversity Indices and Moisture Content
Pearson's correlation coefficients of the five α diversity indices for the vegetation and the soilmoisture content in different layers are presented in Table 3 . Moisture content in the 0-20 cm was positively correlated with all α diversity indices. Specifically, the moisture content in the 0-10 cm was 
Pearson's correlation coefficients of the five α diversity indices for the vegetation and the soil-moisture content in different layers are presented in Table 3 . Moisture content in the 0-20 cm was positively correlated with all α diversity indices. Specifically, the moisture content in the 0-10 cm was significantly positively correlated with J sw at P < 0.05, and moisture content in the 10-20 cm was positively correlated with S at P < 0.05. Moisture content in the 20-30 cm was not significantly correlated with any α diversity indices, and the correlation between moisture content and α diversity indices were the weakest. Moisture content below 30 cm was negatively correlated with all α diversity indices. Specifically, the moisture content in 30-70 cm was significantly negatively correlated with S and H at P < 0.01. Moisture content in the 70-100 cm was significantly negatively correlated with H at P < 0.05 and significantly negatively correlated with S at P < 0.01. The lower-left figures are correlation coefficients, and the upper-right figures are P values. ** Correlation is significant at P < 0.01 (two-tailed). * Correlation is significant at P < 0.05 (two-tailed).
The correlation analysis shows that the relationships between soil moisture content in the various layers and the α diversity indices were significantly different. There was a positive correlation between soil moisture content at the surface (0-20 cm) and the α diversity indices, but this correlation is weak. The soil moisture content below 20 cm is negatively correlated with the α diversity indices, and the correlation coefficients are higher than those associated with soil moisture content at 0-20 cm and α diversity indices. The soil moisture content in 30-70 cm has the largest correlation coefficient with the α diversity indices with an inhibitory effect occurring between them.
Discussion
Characteristics of Vegetation Types within Communities
Species composition varied with distance from the expressway [39] . The values of S and H near the expressway (200-500 m) were significantly higher than far from the expressway (1-2 km). For J sw the maximum value occurred 100-200 m from the expressway, while the minimum value appeared 200-500 m from the expressway. This discrepancy may be related to the fact that the area near the expressway is an intensively managed strip, usually dominated by herbaceous vegetation. Plants on this strip tend to grow rapidly with moisture from road drainage [40] . Areas near an expressway contain few regionally rare species but have relatively high plant species richness [41] . Disturbance-tolerant species predominate, especially with intensive management, adjacent to expressways, and high diversity indices in this area are reasonable [42, 43] . The high-value zone for the evenness indices is neighbor the expressway, while the low-value zone of it is close to the expressway. Numerous seeds are carried and deposited along roads by vehicles [44] . Plants may also spread along roads due to vehicle-caused air turbulence [45, 46] in easier to reach areas near the expressway, thus affecting the evenness of plants [43, 47] . The dominant wind direction in the study area is northwest except in summer; therefore, exotic species are more likely to affect the native-plant community on the southeast of the expressway, which is consistent with the lowest evenness index appearing at the southeast.
Characteristics of Soil Moisture Content
The soil moisture content at 0-20 cm was highest within 200 m of the expressway and was lowest 500 m away from the expressway. The main reason was that the impermeable pavement alters the distribution of surface water [39] . An expressway generally has an asphalt surface layer with poor permeability. Natural precipitation forms a water confluence on the road surface, then the water flows along the slope to both sides of the road. Water first permeates the shoulder and then infiltrates along the slope of the roadbed. A large amount of water can reach the excavation pit on both sides of the road and will form surface ponds in the short-term. The presence of impermeable pavement changes the distribution of precipitation on the road surface, the area adjacent to the expressway easily obtains recharge from precipitation and water storage will increase in the shallow soil. The moisture content at 0-20 cm is more susceptible to short-term water availability. The higher moisture content in this layer can facilitate the growth of vegetation near both sides of the expressway. The soil moisture content below 30 cm was lowest within 500 m from the expressway and highest 1-2 km from the expressway. This phenomenon occurs because the water supply in the soil farther away from the expressway is limited, vegetation density and clay content in soil decreases, which leads to a reduction in water storage capacity at the surface soil and an increase in water infiltration. Therefore, water storage occurs more readily in deep soils [48] . The decrease of soil moisture content below 30 cm within 500 m from the expressway may be caused by differences in plant root distributions in the upper layer of soil [49, 50] .
The Relationship between Species Richness and Soil Moisture Content
The correlation analysis between soil moisture content and α diversity indices showed that the moisture content in surface soil (0-20 cm) was positively correlated with α diversity indices, soil moisture content and α diversity indices enhance each other. There was a negative correlation between soil moisture content below 20 cm and the α diversity indices, which indicates an inhibitory effect on soil moisture content and α diversity. The correlation coefficient between soil moisture content and the α diversity indices was the largest at 30-70 cm and the inhibitory effect of the α diversity indices. This is because roots of the dominant plants in this area, such as Artemisia ordosica Krasch., are distributed within high moisture content areas at 0-20 cm, so the soil-moisture content below 30 cm is not effectively used [51, 52] . Field surveys indicated that the areas with high moisture content at 0-20 cm were also well vegetated, plant roots absorb water from this layer and a biologic crust is widely distributed, which influences infiltration, especially when precipitation is low [53] .
Conclusions
In desert expressway areas, the α diversity indices for plants varied with distance from the expressway. The vegetation with high diversity and evenness were found 200-500 m NW and 100-200 m SE from the expressway. In contrast, the regions with few vegetation types and low diversity were found 1 km NW and 2 km SE from the expressway. The soil moisture content at 0-20 cm was highest within 200 m of the expressway and was lowest at 500 m from the expressway. However, the soil moisture content at 30 cm was highest 1-2 km from the expressway and lowest 500 m from the expressway. The soil moisture content in the surface soil (0-20 cm) has a significant impact on the α diversity indices, and soil moisture content below 20 cm plays an inhibitory role on the α diversity indices. The construction of the expressway has affected the distribution of surface runoff, benefitting species richness and diversity of the vegetation in the areas adjacent to the expressway and having limited effects on the areas farther from the expressway. The greatest impact of the expressway on vegetation diversity was its effect on surface runoff and the root systems of plants distributed in the upper layer of soil. However, this research also has its own insufficiencies, one example is the study only analyzed characteristics of the soil and vegetation within a limited range of the expressway. In the future, a larger range of vegetation survey could be carried out, moreover geostatistics and remote sensing images technicals could be used in the study as well [54] .
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